THEORY OF FLAT PLATES 




1 Normals to the underormcd middle plane are assumed to remain 
straight, normal, and inextensionat during the deformation, so that 
transverse normal and shearing strains may be neglected in deriving the 
plate kinematic relations. 

2 Transverse normal stresses arc assumed lo be small compared with the 
other normal stress components, so that they may be neglected in the 
stress-strain relations, 
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AXISYMMETRIC 
CIRCULAR PLATES 
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FIGURE 1 3.1 1 Simply supported circular plate. 
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(13.71) 



The general solution of Eq. 13.71 is presented by Marguerre and Woemle (1969). Here, we 
consider only the axisymmetric case, in which the plate is loaded and supported symmetri- 
cally with respect to flie z axis. Then, Eq. 13.71 reduces to (since dependency on Q vanishes) 
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(13.72) 



The solution of Eq. 13.72, wiflip =jPo = constant, is 

4 



+ A2lnr + iJ^r^ + B^r'lnr 



(13.73) 



I where Aj, A2, B^, and are constants of integration. The constants Ai, A2, 5^, and £2 are 

j determined by the boundary conditions at r = a and the regularity conditions that w, co^ (see 

I Eq. 13.13),Mr^,andy^inustbe£mteatthecenterof theplate[originr = Oofthe(r, 0)coor- 
; dinate system]. 

Analogous to the expressions for the rectangular plate, we have (Eqs. 13.13, 13.28, 
• 13.30 with a = 1, j3 = r; see also Eq. 13.51), in general. 
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(13.74) continued 



luuae mat A2 - £3 = 0 for axisymmetric conditions. 
13.9.2 Circular Plates with Simply Supported Edges 

= 2(1 + v)a + (3 + ^jPof: ^ „ 
16D 

/^«. = ^2l[3.v-(:.3v)(i;j 
13.9.3 Circular Plates with Fixed Edges 

'Mil 
= = - 2S,a - £«1 = 0 

'^tt^^TZ^J^^^^ 13.73 and 13.74 the following. suits 

P '«^»»Kededgeatr = «,subjecttounifonnlateralpressure/=po: 



(13.75) 
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(13.76) 



Equations 13.73-13.76 summarize the bending theory of simply supported and 
clamped circular plates subject to uniform lateral pressure. Numerous solutions for other 
types of plates, loadings, and boundary conditions have been presented by Marguerre and 
Woemle (1969). In particular, Marguerre and Woemle have presented extensive results for 
orthotropic plates. 

13.9.4 Circular Plate with a Circular Hole 
at the Center 

For a simply supported circular plate of radius a wifli circular hole of radius b at the center 
and subjected to uniform lateral pressure p = Pq, the boundary conditions are (see Eqs. 13.73 
and 13.74) 





(13.77) 



+ fi2[3 + v + 2(l + v)bi6] + 



(3 + v)Pofc^ 
16D 



= 0 



and 





(13.78) 




= 0 



Solving these equations for A^, A2, B^, and B2, we obtain 
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(13.79). 
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VWth these coefficients and Eqs. 13 73 and 1 lA tu^ a: , 
ants may be computed. ' *® displacement and stress result- 

For example, for a/6 = 2 and v = 0.30, the maximum displacement is 



^max = H'(6) = 0.682^ 
Eh^ 



(13.80) 
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pressure p are given by Eqs. 13.75. The maximum displacement occurs at the center of the 
plate (r = 0). The maximum stress ct^^x ^Iso occurs at the center of the plate. The value of 
(Tjnax is tabulated in Table 13.2, Results are given in Table 13.2 also for the case of a spot 
load (P = nr^p ) at the center of the plate, where the solution is reasonably accurate, pro- 
vided rQ is a sufficiently small (nonzero) value. 



13.9.6 SummaiY for Circular Plates with Fixed Edges 

Consider a cbrcular plate rigidly held (fixed) so that no rotation or displacement occurs at 
liie edge. We observe that under service conditions the edges of plates are seldom com- 
pletely "fixed," although usually they are subject to some restraint; furthermore, a slight 
amount of yielding at the fixed edge may destroy much of the effect of the restraint and 
thereby transfer the moment to the central part of the plate. For these reasons, the restraint 
at the edges of a plate is considered of less importance than would be indicated by the 
results of the theory of flexure of plates wifli fixed edges, particularly if the plate is made 
of relatively ductile material. In general, an actual medium-thick plate with a fixed edge 
will be intermediate in stiffiiess be^A'een the plate with a simply supported edge and tihie 
plate with an ideally fixed edge.- 

Formulas are given in Table 13.2 for the maximum deflection of clamped ckcular 
plates of an ideal, elastic material (Morley, 1935). Experiments have verified the formulas 
for uniformly distributed loads and a simply supported edge. These experiments with 
fixed-edged plates under uniformly distributed loads show that the formula for the 
deflection is correct -for thin and medium-thick plates [{hfa) < 0.1] for deflections not 



TABLE 13.2 Formulas for Values of the Maximum Principal Stresses and Maximum Deflections in Circular 
Plates as Obtained by Theory of Flexure of Plates^ 



Support and loading 



Principal stress {a^^Ji Point of maximum stress 



Maximum deflection 



Edge simply supported; load uni- 
form (ro = a) 



|(3 + v)p2- 

8 f2 



Center 



i(l-v)(5 + v)£25 



Edge fixed; load uniform (ro = a) 



3 a 



Edge'' 



Edge simply supported; 

2 

load at center. P= nr^ p, Tq -> 0, 
but To > 0 



3(1+2) J_ 



Center 



3(l~v)(3 + v)Pa 



Fixed edge; load at center. 
2 

but To > 0 



2\ 



^0 Aa-J 



a must be > Ur^ 



Center 



3(l-v^)fa^ 



= radius of plate; Tq = radius of central loaded area; h = thickness of plate; p = uniform load per unit area; v = Poisson's ratio, 

^For thicker plates {hir> 0.1), the deflection is w^^^y^ = f :^ J d " vHpa^/Eb\ where the constant C depends on the ratio h/a as follows: 
C=l+5J2(/7/a)2. VV 
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